This work deals with the study and calculation of Voltage Stability Indices for large bus power system which is performed using Power System Analysis Toolbox (PSAT). MATLAB offers flexible simulation environment for static voltage stability analysis using PSAT. This paper describes static voltage stability analysis with calculation of two voltage stability indices for American Electric Power Service Corporation network which comprises of 30 bus system.
I. INTRODUCTION
The worldwide increment of electricity usage tends to diverge the giant monopoly company into the section of three companies like Generation Company, Transmission Company and Distribution Company. The advancement in methods used for analysis and software improvement makes the problem solving time control of large power system reliable and secure operation of power systems. In the past, there were many incidences of blackouts due to power system instability because of which researchers shifts their focus to power system stability phenomenon. [1] PSAT is a MATLAB toolbox for electric power system analysis and control. PSAT can do the power flow analysis and power system stability analysis with the help of continuation power flow method, optimal power flow method. All operations of PSAT can be assessed by means of Graphical User Interfaces (GUIs) and a Simulink-based library provides a user friendly tool for network design. [5] 
II. POWER FLOW ANALYSIS
The prerequisite for conducting power system stability analysis is Power flow analysis. The power flow analysis is the numerical algorithms required to determine the steady state operating characteristics of a power system network from the data given by the lines and buses. The need of power flow studies is to plan power future expansions. For example, if in a case of emergency, it is mandatory to separate the transmission line from the power system, in that case is it taken into consideration that whether the remaining lines in the system handle the required loads without exceeding their rated values. [2] A.
Methods for power flow analysis
There are three methods of power flow analysis:
Fast-Decoupled Method
Among these methods, we used N-R method because of its advantages over the other method which is discussed in next section. [3] B. Newton Raphson method N-R method is an important method for solving non-linear equations of large power system network. As it converges fast as compared to G-S method. The only disadvantage of this method is that it requires large computer memory which overcomes through a compact storage scheme. Figure 1 shows the flowchart of N-R method. [4] 
Figure 1 Flowchart of N-R Method

III. POWER SYSTEM STABILITY
The major requirement of power system is that it should operate stably at any point of time meeting all operational criteria under normal as well as emergency conditions. The emergency conditions may arise due to the credible contingencies in power system. Due to economic and environmental constraints today's power systems operate closer to their stability limits. The phenomenon of Voltage instability is associated with the overloaded power systems. Voltage instability may cause the increased transaction level leading to more stress on the power system. The dominant need of today's energy scenario is to address the voltage stability problems for keeping the voltage profile under control levels. In past few years, voltage stability is getting attention of researchers and electrical engineers as it is one of the main causes to threat power system security. 3 
A. Voltage Stability Analysis Tools
Different types of conventional methods for analysis of static voltage stability are classified into following types:-1. P-V Curve method.
2. Q-V curve method and reactive power reserve 3. Modal analysis method based on the singularity of power flow Jacobian matrix at the point of voltage collapse.
Continuation power flow method (CPF)
Among these methods we have chosen CPF method considering the advantages over other methods.
B.
Continuation power flow method (CPF) CPF is the method that finds successive load flow solutions according to a load scenario. Method comprises of two steps i.e. prediction and correction step. Predictor step is used to estimate solution for designated pattern of load enlargement with a known base solution. The corrector step determined by the N-R method. After that a next predictor step based upon the next tangent vector after that the corrector step is applied on load. This process goes till the critical point reached. Once the tangent vector becomes null, then critical point is reached. The curve of predictor-corrector scheme is depicted in Figure 2 . 
IV. VOLTAGE STABILITY INDICES
The voltage stability indices are introduced in order to evaluate the stability limit. Voltage stability indices are invaluable tools for gauging the proximity of a given operating point to voltage instability. The objective of the voltage stability indices is to quantify how close a particular point is to the steady state voltage stability margin. These indices can be used on-line or offline to help operators in real time operation of power system or in designing and planning operations. These indices will be presented to demonstrate how close to voltage instability a system can be operated and which could lead to blackout in large parts of the interconnected power system.
A. Indices Formulation
The condition of voltage stability in a power system can be known using voltage stability indices. These indices can either reveal the critical bus of a power system or the stability of each line connected between two buses in an interconnected network or evaluate the voltage stability margins of a system. For the paper work, we have chosen two voltage stability indices to formulate. One is the Bus Participation Factor (BPF) and another one is Voltage Sensitivity Factor (VSF).
B. Bus Participation Factor (BPF)
BPF gives the information on how effective reactive power compensation at a bus is required to increase the modal voltage at that bus. It is given by, P ki = ξ ki η ik Thus, P ki determines the contribution of λ i of mode i to V-Q sensitivity at bus k. A bus with high participation factor indicates that it has large contribution to this mode. The size of bus participation in a given mode indicates effectiveness of remedial action applied at that bus. The advantage of modal analysis is that it clearly identifies groups of buses which participate in the instability so that reactive power compensation can be provided at less number of buses.
C. Voltage Sensitivity Factor (VSF)
VSF is a voltage stability index used to identify the voltage instability prone buses in a large system. Voltage stability factor for bus k is given by, buses all for voltages of change of Sum k bus for voltage in Change VSF  Its value depends on how much drop in the voltage of affected bus is. While performing load flow analysis one of the buses (here, Bus 1) is taken as slack bus. The slack bus thus supplies the difference between the total system losses plus load and the complex powers specified at the other buses. Normally the bus connected to the largest generating station is selected as a slack bus.
V. IEEE 30 BUS SYSTEM SIMULATION
A.
Characteristics of IEEE 30 bus system The ratings of lines and buses of American Electric Power Services Corporation network which is being made available to the electric utility industry as a standard test case for evaluating various analytical methods and computer programs for the solution of power system problems is taken as the reference for constructing the model. The model comprises of 30 buses, 37 lines, 5 transformers and 20 loads. Figure 4 represents the IEEE 30 Bus system. [7] Figure 4 IEEE 30 Bus Systems Table 1 , 2, 3 and 4 shows the data given to the transformers, shunt capacitors, lines and buses respectively. Figure 5 represents the simulated model IEEE 30 Bus System. In the model, Bus no. 26, 29 and 30 are assumed to be instable so load power directions are given to these buses. To maintain the stability the generator bus is provided with generator direction which is equal to the load direction given to bus number 26, 29 and 30. The P-V data with increment of loading parameter λ of bus no.26, 29 and 30 are given in table 5 and P-V curves of the same are shown in figure 6 . 
VI. SIMULATION RESULTS
